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I.  INTRODUCTION

Une purpose of this report is to bring together all the basic data ccllected
by LWL in the conduct of physiological testing of less lethal devices. lHow-
ever, the major objective in writing this report is to present an assessment
of the meaning of the data collecteda and present any findings which will aid
in the design and evaluation of less lethal weapons.

The emphasis here is not on the overall evaluation procedure but focuses pri-
marily on the physiclogical effects and, consequently, mainly on the '‘undesir-
abie effects of less lethal weapons. Although an effort wiil be made to make
this report useful without referring to other reperts, it is inevitable that
certain jargon and inbred concepts will be used; hence, it is recommended that
the reader examine ''A Multidisciplinary Technique for the Evaluation of Less
Le :hal Weapons (Volume I)"'! which gives considerable background discussion on
the evaluation of less lethal weapons.

The type of physiclogical effects examined in this report are generally clas-
sified as blunt trauma as opposed to penetrating trauma. However, in cortain
of the devices tested, especially the smaller projectiles at high velocity,
there wev= same fairly deep tissue penetrations. Hence, we cannot be con-
strained to blunt trauma discussions only, but to the effects of allegedly
less lethal impacting projectiles in general.

An alternative way of stating the nature of this study is that it investigates
the relation between kinetic energy of impacting projectiles and damage to
livirg tissue. It has been widely assumed that tissue damage is related to
the kinetic energy of the projectile.

Although the emphasis of the report is placed on physiological response to
impacting projectiles, same consideration will be given to the choice of an
“optimum'' projectile for achieving certain objectives using ''monlethal’ (less
lethal) weapons.

'pgner, D. 0., Shank, L. B., Wargovich, M. J. and Tiedemann, Jr., A. F., "A
Multidisciplinary Technique for the tvaluation ot Less Lethal Weapons (Volune
1), USAIWL draft report, July 1973 (to be published as a National Institute
of Law Inforcement and Criminai Justice Monograph in 1974).




I1. ANALYSIS OF THE TESTS

A. Measures of Physiological Effect

Three measures of the physiclogical response of animal organisms to the effects
of so-called "nonlethal" weapons have been used in the investigation. All
three have been developed for LWL's evaluation of less lethal weapons. Two

of the measures are independent measures of well-being, whereas the third is
primarily an auxiliary measure of well-being.

The first measure is the damage level grading system. The gross tissue damage
tc certain body areas and organs is ordered on the basis of a set of criteria
which differentiates tissue damage on the basis of increasing severity. Any
of six different levels of damage (0 through 5) may be assigncd for a given
impact. A value of "0'" denotes no visual change to an area or organ, and a
value of "5'" denotes a complete disruption of the tissue in the particular
drea or organ. In the necropsy associated with specific tests, ~ number of
"sharp'' color paotographs are taken of the affected area, and these photographs
become the basic data utilized in the assignment of grade levels. (Details of
the testing procedure, the accompanying necropsies and the Meuical Group
assessments are given in References 1 and 2). Actually, the damage level
grades represent nine different submeasures, since there are sets of criteria
for nine different body areas and organs, viz., head (brain-skull), heart,
lung, liver, kidney, spleen, other viscera, bone, and skin/subcutaneous tis-
sue/muscle. The specific criteria for each grade and each area are given in
Appendix A.

lhe second measure of physiological effect is the probability of an undesirable
effect {PUE). In this measure, the Medical Group examires the same color photo-

graphs used in determining the grade levels, but the specific nature of the
wound (along with any other information* on the animal's conditicn) is taken
Into account to assign a probability of an undesirablc cffect. An undesirable
effect is defined as follows:

that anatomical and/or functional effect which persists longer
than 24 hcurs and prevents an individual from performing routine
daily tasks and/or produces permanent impairment as defined by
the American Medical Association (AMA) ratings.

In comparing these first two measures of physiological eticct, the latter mea-
sure (pUb) 1s felt to be more highly correlated with the well-being (or lach

of well-being) of an individual subjected to a particular wound. In fact, the
PUI‘ inrobabitity of an mmdesirable effect) value also takes into account the

‘Zelina, K. S. and Tiedemann, Jr., A. F., "bvaluation of the Phyvsiological
Lffects of High-Q Spheres lmpacted Against lLaboratory Animals {Volumes [ and
i), USALWL Technical Report Nc. LWL-(R-07B72, August 1975,

*'his includes the actual damage levels assigned, ERKG mnformation, desth or
survival of the animal  volume ot blood 1n the cavity, etc.
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difficult problem of scaling, that is, the transfer of information on a species
of test animal to the effects on a human. One of the disadvantages of the PUL

value is that it is judgmental and requires a group of medical specialists to
provide technically acceptable estimates. Furthermore, the tissue dumage
levels are mich more specific and the mechanics of tissue disruption through
kinetic-energy impact or blunt trauma are more understandable than the relation
between systemic abnormalities and kinetic-energy impact.

Looking at the two measures in another way, there is rcason to suspect that
tissue damage levels and kinetic energy (along with other vrojectile parame-
ters) will provide a relatively precise relation, whereas pUL provides the

more meaniiigful data for evaluating the hazards of impacting devices. At this
point, however, it is worthy of note that for many of the organs and body
areas graded there is a high degree of correlation between the two measures,
damage levels and PUE'

The third measure of physiologicai eflect is iiic caccloocardingraph (EKG)
grading system. The EKG was first introduced into the tests to provide z
better understanding of the animai's preimpact and postimpact cardiac condi-
ticns. liowever, several impacts were observed where the EKG indicated serious
abnomalities in the cardiac function after wLmpact buc where the gross tissue
damage to the heart was small. Since the heart appears to be a much tougher
organ (1.e., less subject to tissue damage than the other organs examined for
glven kinetic-energy levels), it appeared that gross tissue damage levels for
the heart should be augmented with additional quantitative information which
would be more sensitive to kinetic-energy impacts than tissue damage levels.
tlence, EKG grade levels were established by the cardiologist of the Medical
Group as an auxiliary quantitative measure of the damage induced on the animal
subject. To date, no separate analysis has been made usire the assigned EKG
gsrade levels, so the EKG graldes are excluded for the present from the physio-
logical data base in Appendix B.

Same further comnents on the damage grade levels are in order. When we attempt
to measure with a linear scale the amount of tissue damage induced, there is

no denying tae value of the attempt. We can auote classical statements from
the history of science which say, in effect, that we cannot really understand

a phenomenon until we can measure it. What s contestable, however, is the
validity of the scale. Since we know of ne other scale of physiolopical
response which measures tissue damage, 1t suffices to show that the damage
level scale has some positive merits.

First, the prades are meaningtul in the extreme, i.e., Grade 0 wdicates no
observable tissue damage, whereas Grade 5 indicates extreme disruption of tis
sue.  The intermediate grades are defined such that mmtermediate damage i
ordered.  For exanple, we can always say that Grade 2 1s between L and 3, as
opposed to saying only that Grades 4, 5, 2 and { are 211 somewhere between 0
and 5. In techmical terms, we can say that the grade levels represent an

PENE U B - O
ordindgl scate.




The real question then is do the changes in grades represent constant intervals
of damage? A rough observation of accumilated grades (Appendix C) shows a
reasonable distribution of grade levels between 0 and 5. This dces not vali-
date a constant interval between grades, but any umisual (frequent or infre-
quent) intermediate grade may indicate a case of improperly weighted grade
intervals. In fact, several cases of unusual intermediate grades do occur,
but, rather than pointing out a deficiency of the grading system, these cases
are medically interesting. For example, there is only one Grade 1 for the
liver for all of the projectiles fired into the liver area, but there are
nineteen Grade 0's and eight Grade 2's. Looking at the liver-grading criteria
(Appendix A), this means there was only one case of a liver injury where the
only damage was a subcapsular hematoma; whereas, there were eight cases of
subcapsular hematoma with a simple fracture (less than one centiineter deep
and/or less than five centimeters long). Another obvicus nonuniformity is

the relatively small number of cases of Grade 4 damage to the skin, subcutane-
ous tissue and muscle (treated as one body area). Essentially, the difference
between Grade 4 and Grade 3 for a skin area impact is that Grade 4 involves
laceration of fascia, muscle and/or fat, whereas Grade 3 involves no lacera-
tions. The difference hetween Grade 5 and Grade 4 is that Grade 5 includes
laceration of the skin. A further examination of the data shows that all
cases of low frequency for Grade 4 occur with the four smallest-diameter mis-
siles, whereas the three largest-diameter missiles result in Grade 4 frequen-
cies which appear consistent with the accompanying Grade 3 and Grade 5 fre-
quencies. Physiologically, this indicates that severe damage below the skin
will be accompanied generally by laceration of the skin for smaller missiles;
but for larger missiles, skin lacerations need not be expected with lacerations
below the skin.

Before getting into the analysis of the data, a comment is in order cn the
composition of the Medical Group whose efforts were essential to this whole
program. Whenever a medical group is assembled to provide a critical input

to an investigative effort of this type, thera is frequently a great "to-d0o"
about the qualificatiems of the participants. Furthermore, since much of the
activity of a medical group involves the exercise of medical judgment, there
is a tendency to want mn average of judgments from many different experts.

The overall evaluation group approach to this problem was to assemble a few
experts from the Baitimore area and indicate to them the basic objectives of
the program. Then as part of « small team, vather than as separate indepen-
dent medical experts, tids group was asked to propose procedures for achieving
the objectives tha! were the responsibility of the Medical Croup. The pro-
posal, which was accepted, consisted of a sinall working group of lifferent
medical specialists, viz., a forensic pathologist, a surgeon shock-trauma
specialist, a cardiologist, a v.terinarian-pathelogist and a physiologist.
This yroup's main function is to review assignments of damage grade levels,
synthesize measures (or scales) of physiological response and provide esti-

nates of }Kﬁf

B. Analysis of the Damage Level Information

A series ol tests against animals was conducted by LWL, beginning in Decenber
1971 with the testing of a high-energy rubber spherve (Superballl as a iess
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lethal prejectile.  Although less lethal tests had been conducted by LWl pre-
viaus to December 1971, the earlier tests were mch more limited in scape,

and the basic data ~ollected was primarily information on skul}l fractures.

The tests discussed in this report are listed in Table I bel , and some char-
acteristics of the items tested are given in Table II. The references?™”’
listed in Table I refer to foutnote references given in this report. In some
cases, the references give added information on the physiological tests; in
other cases, they give results of accuracy tests and other types of engineer-
ing data for the particular device.

In the discussions that follow, there are 49 basic combinations of interest
resulting from consideration of seven different body arcas and/or orvgans
graded against seven different projectiles, viz:

- Body Arca Projectile {Test Series)*
5: H - leart S - Superball (Series 0, 100, 200)
f}.ilii L - Lung B - Stun-Bag (Series 300)
'- N - Kidney W - Waterball (Series 400)
fﬁ. LV - Liver P - Ping Pong Ball (Series 500)
iﬁ‘ HD - Head (Brain) M - Paintball (Series 600)
- SB - Skin, Subcutaneous Tissue, R - Ricochet Round (Series 700)

Muscle (Body)

Si 0 Skin, Subcurancous Tissu:, V - RIV Round {Series 3800)
Muscle (Head)

*1t 1s emphasized that each projectile was censidered acainst cach of the
seven different body arcas listed in the left-hand column.

BARIEE The test data fram the seven diftterent projectiles are summarized in Appendr .
ST C where damage ltevels are presented as a function of grouped kinetic energy
D] values.  lor exanple, for the Superball/lung conbination, an entry of 7 in tae

ST

ellny, Ro 5., "Analysis of the High Energy-Q-Spheve {Superball) g ot

% Agdainst Laboratory Animals (Low Lethalliy; )" A Corperation Inpioncoring

‘ Report LR 0923 March 1972,

Ysarvis, J. W., ULess Lethal ummmation for SimalioArms (beaoaba ity i gl
Technical Report Noo 74-17 ) June 1974,

YSATV L ., Uless Lethal Ligurd Ball " USALWL Techuiioad Rope o0 o 70 1y

Dy

E June 1974,
o bwargovich, M J . Zelina, ke S oand Tiedemann, Jr., A8 Dvatuat ton ot the
e Physitotopicad bttects of Stun B Projectiles,” AAD Corporaoron ingros e
Revest BRO7351, July 1973,

N Toimer, 0 BLoand donson, G AL UBallbistical v vperated baten cannon,

CRALWL Technical Beport vl LWl o M7 May fod

L " W
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Damage Level 4 row in the column for 75 ft-1b kinetic energy means there were
two shots graded Duwntge Level 4 for kinetic energy of impact between 60 and

75 ft-it. The basic data for each shot, along with most of the results of
interest, are given in detail in Appendix B. The data in Appendix C (grouped
by kinetic-energy bands) give only those grades for the area impacted, whereas
the detailed shot data in Appendix B give individual kinetic energies and
grades for all areas affected. In the analysis of damage level vs kinetic
energy which folluws, although based on Appendix B, only one area (or organ)--
the one impacted--is associated with the damage level. The same shot, however,
may be used in several relations, e.y.. a thorax shot will yield a heart grade,
a lung grade, an. a skii grade; all otaer shots will yield just two grades,
1.e., the underlying organ grade and tie skin grade.

A cursory examination of the grouped data in Appendix C indicates that there
are many instances where there is quite a spread in damage level grades as
impact kinetic energy varies. Consequently, it appeared that the most signifi-
cant and useful analysis of the data would be to approximate the physiological
response by a linear least-squares fit. Hence, the least-squares fits were
calculated (based on the basic data in Appendix B rather than the grouped data
of Appendix (), and the results of this effort are given in Table III.

Obviously, the nature of these linear fits is influenced by several character-
istics of the basic data. First, damage level grade can take on orly one of
six values (0, 1, 2, 3, 4, 5); hence, there is a limit to the precision of

the fit due to the large intervals between different physiological responses.
Second, the kinetic energies of impact were primarily in the region from 30
to 90 ft-1lb; this limited range provides some iinear fits which are somewhat
distorted for those projectile/body area combinations which are relatively
{nsensitive in the 30-90 ft-1b range. This will be discussed in more detail
elow.

The combination of the Ping Pong Ball projectile and thc heart damage levels

is selected as an example of the linear it between damage levels and kinetic
energy. The informatian is presented in Figure 1; 1.e., both the data points
from Appendix B and the linear least-squares fit to these data are presented

in Figure 1.

In crder to provide some camprehension of the overall resulis of these experi-
ments in a single picture, the 49 linear lcast squares fits are plotted on

ane graph (Figure 2); but, in order to avoid the appearance of a miszs of 49
lines, each line is representad by a point. That is, in Figure 2, each linear
least-squares fit is represented by a point, the abscissa of which 1s the
slope (m) of the line and the ordinate ot which 1s the y- intercept (b) of the
line; for example, the line of Figure 1 is represented in Figure I by the
circled point P-H (.0b874, -2.324).

Some orientatica of this technique of presencation 1s provided by the two
lines on Figure ! which bound all but two of the data points. The points of
the upper line represent a ray of lines going through the 80 ft-1h, Damage
Level 5 point tor data presentation of the type given in Figure 1. The points
of the lower line represent a ray of Lines going through the 40 tt 1b, Damage
Jevel U point. it the two lines were extendsd, their point of intersection

N
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LINEAR LEAST-SQUARES SUMMARY OF THE DATA

Area
Projectile Impacted Intercept, b
Superball lHeart 2.149
Lung 2.611
Liver -1.516
Kidney 0.031
Head -Brain -1.069
SSM-Head 0.702
S&M-Body 0.892
Stun-Bag Heart 0
Lung 2
Liver 1.322
Kidney 0.910
Head -Brain 0.4,
58\ -tead 0.348
SSM-Body 0.287
Waterball lHeart 1.212
Lung -0.545
Liver 0.008
hidney -0.045
Head-Brain 0
SSM-Head -0.719
554-Body -0.707
Ping Pong Heart -2.324
Ball Lung 0.165
Liver 0.650
Kidney 3.295
tlcad-Brain -1.377
SSM-liead -1.348
SSM- Bouy 0.930
Paintball lleart 0.394
Lanyg (0.316
Liver -0.457
Kidney 0,403
ttead-Brain 0.286
Sael-Head 1.804
S Body 3,984
Ricochet Licart -1.135
Found Lung 1.307
Liver 3.008
Kidney <2700

Correlation Sample
Slope, m Coefficient, p Size, N
0.014 0.196 9
0.008 0.134 11
0.079 0.923 9
0.034 0.769 9
0.050 0.781 29
0.038 C.706 29
0.037 0.739 33
0 0 5
0 0 5
0.036 0.684 6
0.041 0.570 5
0.010 0.214 24
0.02 0.522 24
0.035 0.537 23
-0.001 -C.014 10
0.026 0.387 10
0.027 0.024 11
-0.00R 0.198 9
0 0 2
0.012 0.29: 2
0.023 0.724 30
0. 009 0.842 2
0.032 0.572 1.2
.037 (4.574 1]
0.01¢ 1. 833 11
0.0306 0.54) 10
0.042 0.789 106
0.0.8 U.554 30
0. 005 0.080 10
0.049 0.311 10
(1. 060 0.750 7
0. 049 g.909 8
0.040 0,545 1o
(.032 0. 490 Ho
.01z 0,375 T
0.038 U.ohdh 1]
0,041 0. 063 11
0.6l (LIRS 4
g7 0, Ban 7

BN T T U



TABLE III (CONT)

Aren
Projectile Impacted Intercept, b
Ricochet Head-Brain -0.108
Round SSM-Head 0.695
(Cont) SSM-Body 1.554
RTV Round Heart ~-1.425
Lung 0.540
Liver -0.53S
Kidney 0.957
Head-Brain -0.721
S8M-Head 0.459
SSM-Body -0.090

10

Correlction Sample
Slepe, m Coefficien., p  Size, N
¢.051 0.670 17
0.046 0.711 17
0.038 0.830 29
0.0645 0.798 9
0.024 0.328 3
0.023 0.322 8
0.003 0.033 7
0.020 0.525 19
0.013 0.265 19
0.040 0.729 26
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would represent the line going through the 40 ft-1b, Damage Level 0 point
and the 90 ft-1b, Damage Level 5 point. Note again that the data of Figure
1 are represented by the single circled point in the lower left-hand comer
of Figure 2.

Same appreciation of the relative danger (or morbidity) of various device
organ cambinatiaons may be achieved by thinking of the top line as pivoting
around an intercept value of 5 (off the top right of Figure 2). As the line
sweeps down over the values and is superimposed on a point, the points are
being ranked in the order of decreasing severity. Any fixed slope of this
line corresponds to the kinetic energy a* which a particular device-organ
combination would reach Damage Level 5. A different and reverse ranking
would be achieved by swinging up the bottom line while pivoted at 0,0. In
the latter case, we are determining at what kinetic-energy level the slightest
damage first occurs. The interesting fact is that the device-organ combina-
tions in the lower left-hand regions of Figure 2 tend to be ranked high by
both procedures. This, at first, seems like a contradiction, but it appears
accurate to state that certain device-organ cambinations, where the physio-
logical response changes rapidly with kinetic energy, can be either very safe
or very hazardous dependirg upon the kinetic energy of impact.

The set of 49 points presented in Figure 2 are reproduced in Figure 3, but
this time all the organ cambinations associated with the Ricochet Round and
the Waterball are highlighted to show the relative damage caused by these two
devices. The spatial arrangement of the two subsets of points portray in an
obvious manner that the Waterball (W) is much less damaging than the kicochet
Round (R) for equivalent kinetic energy levels. Figure 4 shows the same type
of presentation for the RIV Round (V) and the Paintball (M). Although the

. difference between these two rounds is not quite as pronounced as that of the

SRR two rounds in Figure 3, the RTV Round appears less damaging than the Paintball.

et It should be noted, however, that there is no real significance to the manner
in which the points are connected; but, when the points tend to fall in a
straight line, the linear least-squares representation of the individual com-
binations all tend to go through a common point for a kinetic energy vs damage
level presentation, i.e., the linear representations tend toward a ray of
lines.

Before discussing some observations on the general validity of the lincar
analysis, two additional camparisons are presented in Figures 5 and 6. Thesc
canparisons are made for specific organ areas and provide some understanding
of the relative vulnerability of certain organs. In Figure 5, the projectile
. combinations asscciated with the heart and the liver are compared. 1t 1is
probably significant that the lowest relative vulnerability of the liver
i occurs in camblnation with the RIV Round (V) and the Waterball (W), the two
least damaging projectile types overall; otherwise, the heart arca is less
SR subject to gross tissue damige than the liver. 1t must be emphasized that
SRR most of these points were established or. sample sizes of the order of ten
' and thelir location on the slope/intercept plane 1s subject to considerable
error. However, & comparison of Figure 5 with Figures 3 and 4 indicates that




=
~—
¥2]

co* 0 v 30 €5
¢ - “ M
W m.%/m\s ; ;
w e \ |
m z- . 7 .
t H
i g i
H iV .“.
w Ti-d » =9
HER |
H m M
v w ﬂ i
| |
g -
- -A® IN-S 1
AT-REJ 1. !
o 1-d%  ac.g |
. & | -
4 m N >\H|&‘ _ -
3 0S-S5 ¥ |
=y & N-A 65-d» 95-S ;,
u_ OEE o M
s *.Tm - - _—
H-S4¢ |
1-S¢4
¢
de m
AT-Xo
y e FS-1¥ , o
(M) (TEQHaiEM 2yl PUB (3) PUNOY 313YD0ITH
3yl Aq posnen aBrmuwen jo wostiEduOn 'y THNCTA |




; w ‘adois

i
“
on 20 0" Gt c7
M' ] 1
..,w# ‘
el 8 _
! ;
z- : i w
L BSS QM
@-d » ! v
; i (T1-Se | _
1- : M
HS-Me |
Al
A 0 e H-9 P N-M
- Qxlhﬂ. -
2 @i
Y - ! :
= A 5
o
m N
= DA\
T =7 /
¢ H-M . ~
/ / * (& TY
- HS- 8- :
; . 4
7 tq 1 J i ]
Hese N m
: \ o
1-S¢4 j
¢ :
!
{ i
: |
D\H-KC M ;
i
s e £S-] _ : A
(A) puncy AIM 9yl pue (}y) [1eqiuleq
oyl Aq pasne) sifrues jo uostieduon Cp DUOIL




Li.tercept, b

T-S4

b

s3oedie o1T1300 (02

Jo AIT[TGRIBUTNA SATIBTSY 3Ul JC UOSTIeduOS

T

103 18ATT PUB 1IBJ} AU

TD

bt

1o

|
|
|
,m
|
m
|
w
M




w
m
1

u ‘adorg

cC- 20" 149 507 537

—
—a
K
-
»

N

)
L

@-d » o AS

H-¥e @i-se

SRR TR TR AR T T RN TR L SR

R A

[er]

Intercept, b
17

TR R AT TR T R A

. A-de

%ﬁndﬁ

b - £S-] /ﬁ ' R !

PEail 3yl pue £pog oyl 3O (}BS) UINS Ayl Jo
AITTTQRIDUTNY SATIRIRY 243 Jo uostieduo) 9 N4




the greater difference in the physiological response measured is the result of
the projectile impacting rather than the organ impacted.

Figure 6 presents an interesting comparison of the vulnerability of the two
different skin (skin, subcutaneous tissue and muscle) areas, i.e., the skin
of the head (SH) and the skin of the body (SB). In this instance, each of the
points represents a sample size of 20 to 30 test observations, and it may be
inferred that the location of the peints in the slope/intercept plane are
relatively well-established. The most interesting observations fram Figure 6
are that the skin of the body is consistently more vulnerable than the siin
of the head and that there are two totally different relations in evidence,
viz., the steep slopes connecting four pairs of points and the shallow slopes
connecting three pairs of points. The conclusion drawn from these observa-
tions is that the body skin is more sensitive than the head skin, both at the
low-energy levels (shallow slope) and the high-energy lcvels (steep slope).
This conclusion demenstrates primarily the valuve of a slope/intercept presen-
tation rather than a significant finding on high/low-velocity projectiles,

and it should be remembered that the conclusion is based on tests against
baboons (head skin) and swine (body skin), i.e., two different animal species.

Although it is obvious that one of the limitations of a linear description of
the data is that the physiological respunse way be nonlinear, there are certain
other factors which should be noted. The correlation coefficients of each
linear least-squares fit, given in Table III, provide some indication of the
value of the linear fit. Approximite values of the correlation coefficient
are displayed graphically in Figure 7, where the fraction of the circles
which is black represents the approximate value of the correlation coeffi-
cient. It is felt that this representation provides a significant insight
into what regions of the slope/intercept plare arc most me~ningful. lowever,
same of the dramatic increase of the correlation coefficient with increasing
slope must be attributed to the fact that the correlation coefficient is
cqual to the slope multiplied by the ratio of the standard deviations of the
indepeident and dependent variables. On the other hand, some of the low cor-
relations in the interval of slope from .00 te .02 must be attributed to
other ractors, viz., a variation in the response which is sufficiently large
to preclude a good fit (S-H, S-L, B-L, V-K, M-l, W-K) or, the kinetic-energy
levels selected did not correspond to the regicn in which physiological
change occurs (W-ilh, B-fl, M-SB). In the latter examples. W-HD (Waterbull/
Hea!) and B-H (Stun-Bag/lleart) are excellent examples, since there were no
damage levels other than 0. In tne case of M-SBE (Paintball/Skin-Bady),
there was a predominance of Grade 5 ''calls' over a relatively large Kinetic-
cneryy interval, and there were very fow outcomes for damage levels less than

*
5. tonsequently, the M-SB set of data was represented by a line of small
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slope with a large intercept, whereas a more sophisticated criterien® for a
lincar t1t would have given a steep slope (whoit .1) with a small intercent
value. In general, the message of Figure 7 scems to be: it vhe predicted
damage level is relatively high, the linear reiation predicting this level
is more believable (higher correlation coefficient), and/or if the lincar
relation forecasts a large change iu the test interval {large slope), the
relation is more believable.

Before reviewing and summarizing some of the physiological findings, another
presentation of the data, which is more direct, is given in Table IV. The
cntries in Table IV are the predicted damage levels for an impact kinetic
energy of 50 ft-1b, based on the linear least-squares fits of the data. The
entries tend to confirm our previous observations based upon the slope/inter-
cept presentation of the dats which, of course, they should because they
represent a special case (50 ft-1b) taken near the center of the kinetic
energies tested. Rephrasing these observations, they are:

1. The Waterball and RIV itound are onerally tne least damaging projec-
tiles for impacts of fixed hinetic-energy levels.

2. The heart is one of the organs ledst vulnerable to gross tissuc damage
fran projectile impacis, with the exception of Superball npacts, where it
was noted that the significaace of the fit for this combination {(5-H' was
small.

3. The liver 1is one of the orpans most vulperable te gross tissie damage
from impacts for all the devices, with the exception of the Watervall and KiV
Round which are the two least damaging projectiles.

4. 1In every case, the shin of the head is less valnerable than the skin
of the body to gross tissue damiage {franm projectile tmpacts.

It nust be emphasized that these linear relations describe the damage to the
immediate area bmpacted.  The analysis wiitch tolloews will provide some modifi-
cations to the above conclusions.

*1t appears that a pirecewise {1t of the Jdamage level/impact | actic-energy
data would be more useful.  tor example, 1t slope m and intercept b oare
criosen to minumlize the tollowing sum of sguares, U

o= ny’ + Ly e R + T

where X, 1s the wmpact kpetic cperyy of a gven shot and Y, 15 the corres:
ponding danage level, then the prediceed dimape level would be 707 for

) H b Lo e ) S oh
x oo - and S tor xo- ol bracar tor <K
n m i m
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TABLE IV
PREDICTED DAMAGE LEVELS AT 50 F.-LB IMPACT ENERGY
Orgar or Body Area
- Skin ~Skin
(SSiD) (S)

Ttem Heart Lung Liver Kidney Head lead Bodv
Superball 2.9 3.0 2.5 1.8 1.4 2.6 2.4 é
stun-Bag 0 2.0 3.3 3.0 0.9 1.7 2.0
Waterbauil 1.1 1.3 1.4 0.4 0 0 0.4 i
Fing Pong Ball 1.1 1.8 z.5 4.2 0.4 0.7 2.3 i
Paintball 0.7 2.8 2.6 2.1 2.6 3.4 4.0
Ricochet Round 0.7 3.4 4.3 1.0 2.4 3.0 3.5
KIV Round 0.7 1.7 g.6 1.1 0.3 1.1 1.9
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C. Probability of Undesirable Effect {PUE) as a Measure of Physiclogical
Response

it was noted in the discussion of physiological response measurcs that pr

represents an attempt to scalz the results from the test animals to a human

and that PUE epresents tne well-being of a human more accurately than damage

level. Unfortunately, there is no assurance that for any given shot the organ
damage vhich a human might sustain would be the same as that exhibited by the
test animal, but test species (baboons vl swine) were selected in an effort
to minimize animal-to-human danage conversion problems. [ater in this report,
scme results on correlation of damage level with animal weight will be dis-
aussed, and the qualificstions on these data as applied to humans will be

more evident.

The nature cf the damage levels does influence the outcomes of the PUE'S,

since the gross tissue danage ic one of the most important pieces of informa-
tion used by the Medical Group in estimating pUE' The extent to which a pre-

assigned damage ievel grade influences the Medical Group estimates of pUE is

not clear; but, there is no guestion that the converience of a single number,
rather than a detailed medical description of the wounded area, aided the

estimatica of PU"'S. The damage level grade was also treaguently used by the

analysts and support personnel to check on the consistency of pUF estimates.
For example, on reviewing minutes of medical meetings, if a Damage Level 3

)]

to tl skin were accompanied by a FUF of .10 in one case and Puk of .30 in
another case, a question would be raised as why there was a difference in P,H;

for the same prade levei. The Medical Group response to this type of question
invarizsly resulted in a Jdetailed statement of the differences in systemic
eifect of the two wounds with the same damage level grade.

The analysis of the PUI values for various combinavions of prosectiles and

body areas is handled in much the same mawmer is the damape level analysis.
Cue of the basic differences bewween the two analyses, however, is the number
of bedy areas considered in cach.  The Medical Group assigned cne PUE value

for cach tmpact, 1.e., considered the effect on the hody as o whole for each
body ares impacted, whereas up te eight diffevent damsge level grades were
assipned for a baly shot and two different damage level prades for a head
shat. 1o is smphasized that the damage level analysts did net constder dae
age to canbination body wyeas 1ike the thorax, where o thorax shot was broken
down thyee wevs o heart, lung, and skin {skan, subovtaneous tissae and
muiscle- naly damaze.  That s, in the Jdamage level analysis, three separate
data polats were generated by @ thorax shot, but ondy one data point 1s
gencrated in the Fﬂr anelyaas. The skin (SBM), both body ana head, s atso
v
o' the damage level analysis acy reduced to toor body dreds e dhe }‘”;‘ analy

! [

excinded an the P analysis as o sepurate body areda, so the seven body areas

Sihoas Eallowe
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1. Head (brain) - HD

2. Thorax (heart and lungs) -~ TH
3. Liver - LV

4. Kidney - K.

The same seven projectiles of the domage level analysis are used in combina-
tion with the above four body areas in the PUF analysis, and the results of

linear least-squares fits to these 28 (7 x 4) combinations are given in Table
V. The three right-most cclums of Table V give the values of the linear fit
for 30, 50 and 90 ft-1b, respectively. The same form of slope/intercept pre-
sentation as was used in Figure 7 for the 45 device-area combinations (damage
level vs kinetic energy) is also used for the 28 device-area combinations
(PU£ vs kinetic energy) in Figure & below. As in Figure 7, the correlation

coefficient of the pUE vs kinetic energy relation is indicated by shading the

ciicle to represent the specific relation. Alsec, as before, the percent of
skading represents the approximate value of the correlation coefficiont.

There sre several fundamental changes to previous conclusions. based only on
gross tissue damage to the impacted area, which should be made now hased upon

the PUE'S thus derived. First, the larger projectiles {(especially the Stun-

Bag) appear to be moce hazaraous .elative to the smaller projectiles on the

basis of PUF estimates, but the larger projectiles are still generally less

hazardous for given kinetic-energy levels than the smaller projectiies. The
Stun-Bag's relatively poorer showing is undoubtedly due in part to a muwber
of cases in Stun-Bag shots where there were areas of necrosis in the liver
without fracture of the liver. The medical judgment was that such necrosis
would result in a sick patient for at least several days, thus giving a high
PUE for a relatively low damage level. Generally, it appears that the larger

projectiles are causing damage 1n a large body area (e.g., the thorax) even
though the damage at the point of impact (heart, lung, skin) 1s not extremely
large. This phenomenon causes the 'PUI‘HS tor such large body arcas to be

"

relatively higher when compared to PU}*"S for smailer body areas. To repeat,

the smalley projectiles position did not necessarily improve relative to all
the projecriles, and there is sane indication that the Paintball (M), the
smallest projectile, exhidbits some of the less-atiractive characteristics of
the larger projectiles in that there seemed to he a tendency tor maltiple
areas to be damaged ifrom o single shot of the Paintball. There is o direct
evulence assembled, bhut 1t is conceivable that the maltipiv-damaged areas
result from the "'peretration type’ wouna of the Palntball.

The vrevicus conclusion ibased on damage level analysis only) on the relative
invulnerabillty of the heart to gross tissue demage awst be generally dis

counted when the vesults of the P, analysis are taken into account. It
W

.
;-
appears froam Pigure 8 that the thorax aced s a wiele s about as vulnerabile




RSN AN AL LN MR ARy

o
[2a)

i e et B Ak R

0 L2'0 0 L 0€6°0 9510°0 L1S°D- A3UPTY
1 1 1 6 ) 0 1 19477
96°0 S0 $5°0 21 YA A0 1.00°0 SIS 0 Xe10y] :
680 p0 61°0 81 22.°0 QTIC'D 89T °0- prE 131000 TH
1 96°0 S6°0 8 LU0 2000°0 726°0 A2UpTy
1 T 1 L 0 0 1 13A17
I 9.°0 LS°0 11 695°0 $600°0 8.7°0 X210yl
I 15°0 o LT 0t9°0 9600°C pe1°0 o 8 ITRQIUTE.]
1 1 1 11 0 0 I LlaupTy
1 86°0 $6°0 11 88¢°0 £100°0 RE6R 0 13417
1 980 A 21 299°0 9010°0 210 XB10U] 17EC
ZL°0 vz o 0 ot 6850 0210°0 $9¢ Q- mea! Juoq Ty
S0°¢ £0°0 2070 8 8ST°0 $000°0 0 ALaupTy
S8°0 S¢°0 010 11 ITL°0 +210°0 0L2°0- I2AT7
L9°0 oF°0 5¢°0 11 112°0 $<00°0 581°C XBIOU]
¢€*0 S2°0 12°0 Al Sce Q 0Z00°0 €ST°0 peaty TTeQI31EM
68°0 65°0 vy 0 S 095°0 S.00°0 L1270 AaupTy
1 6L°0 Ly 0 g S/8°0 85100 £00° G- 134T
1 1 1 G 0 0 T Xel1oy ] -
Z9°6 €€ 0 61°0 2 15570 1.00°0 920°0- o 8 Jeg.umg
850 £€'0 0Z°0 6 0¥9°0 +900°0 600°0 Loupty
1 8y°0 L1°0 6 $16°0 9510°0 00" 0- 19477
69°0 ¥5°0 19°0 71 9.0°0 Z100°0 2/5°0 xe1ou:
gL°0 7€°0 Z1°0 Y4 L9170 201070 061°0- TRal ITeuzadng
41-33 06 GI-33 0S 4I-337 0f N “92IS 0 “JuSTOTFIL03 w ‘ado(S q ‘3decliolu; paisedw;  37T3dalois
a1dureg UCT3IBT3XIC) Ba1Y
12A27 A81aug pajedTpuj 3e m:m
. In

ADYEINAT DILINIY SA

A T18VL

d ‘LDFA4T TIEWIISTIDNN 40 ALITIEVEQId

b Y o TRl ) |




T R TR RRERT TR S T

S0 AN 1Z°0 L 29270 9STC0"0
L6°0 8¢°0 60°0 8 Z9L°0 LPI0°0

T 8v°0 0Z°0 6 vv5°0 6E10°0
00 o 0 0z 9yS°0 90070

QI-33 06 q1-3F 0S qI-3F 0§ N ‘az1g ¢ “3udTdT3390)  w ‘adorg
otdureg UOTIBT3110)

12A27 A3xaug psientpuj 32 m:m

(INOD) A Travy

q ‘1dsdzaqvy

A3umTr

10ATT
xl0UT
TR pUnOM Al
pa3deduy  ar13dalcia
B3Iy




ﬁlﬁl Jo situp) u ‘adors
Ny

: 0 S060"
05°- _

e

=
[=9)
3 w
o -
-t HEL- o
g ) . )
~ S¢
o]
oy i
3 |
83
L
e
g |
R - |
|
@ |
HI-S w
| |
TR [ TUOTIRUTQUIOD ; i
eaxe £poq/o1113afoid paiedtpur : 1
AT-d I0J JUBTDIJ}I0P UOTIBTIIIOD 0 ! i
onlea ojewixoirdde ay3 sjuosasidau W ]
ST3113 JO BAJE JITIUS O3 2TDIID ! 1
AT-4 Jo eaue Axumﬁnv_omﬁmcm JO otew  II0w
AT-W M- i j
¥-d >
H1L-9

SUCTIBUTQUOD 3+31, B3IY Apog/ai1idafold

i Losd ]

SNOTIBA I0J SIUSTOTIJD07) UOTIETAIIOD) °§ MNOI4




i

to undesirable effects as the liver area in this analysis. This does not mean
that the heart is not a tough organ physically (the results from the damage
level analysis verify this statement), but it does mean that the toughness of
the heart organ is not a critical factor in the overall morbidity of thorax
impacts. For example, the PUE value for thorax impacts includes gross damage

to the heart and the lung. The thorax PUE value also reflects contributions

from EKG abnormalities as well as the specific nature of the gross tissue
damage and its anticipated systemic effect.

The camparable vulnerability to undesirable effects of the thorax and liver
area impacts is really more surprising than the above discussion would indi-